One hundred and eighty 26-week old Rhode Island Red chicken were used to determine the performance, fertility, hatchability and economic of chicken fed with ration containing Peanut Seed Cake (PSC) and Brewery Dried Yeast (BDY). The treatments were T1 (20% PSC + 0% BDY), T2 (15% PSC + 5% BDY), T3 (10% PSC + 10% BDY), T4 (5% PSC + 15% BDY), T5 (0% PSC + 20% BDY) and T6 as control (commercial layer's ration) and the experiment lasted for 12 weeks. The experiment was arranged in a Completely Randomized Design (CRD) with six treatments, each replicated two times with 15 birds per replicate. Hens were individually weighed at the start and end of the experiment. Data on Dry Matter Intake (DMI), Hen Day Egg Production (HDEP), egg weight and were recorded daily. Egg quality parameters were determined at an interval of 3 days on 6 eggs per replicate. The chemical analysis showed that BDY contained 41.2% CP and 2982.04 kcal ME/kg DM and PSC 42.2% CP and 2842.5 kcal ME/kg DM, indicating their potential to be used as sources of both protein and energy in poultry feeding. DMI of birds on T3 and T4 were similar with that of birds on control diet, but diet T5 resulted in significantly increased DMI than control diet. Diets T1 and T2 resulted in a significantly (p<0.05) decreased DMI than control diet. Final body weight and body weight gain of birds was significantly lower (p<0.05) for T1 and T2 than that of birds on T4. Birds on T3 had higher HDEP compared to birds on control ration. Diet containing T4 resulted in a significant increase (p<0.05) in egg weight than that of birds on T2 and control diet but the diet containing T1 resulted in a significantly decreased (p<0.05) egg weight than control diet and other treatment groups. Birds on T4, T5, T3 and T2 showed better results in fertility than control and T1. Similarly birds in T2, T3, T4 and T5 were better in hatchability than the birds in control and T1. Eggs of birds on T3, T4 and T5 showed higher yolk color value than birds on control diet. Birds of treatment T3 had lower feed cost per dozen of egg than control, indicating the importance of this form of combination for feeding layers as least cost ration than that of the birds on control. The results also showed that initial body weight, feed efficiency, albumen height in terms of Haugh unit, shell thickness and egg sale to feed cost ratio did not vary (p>0.05) among dietary treatments. Brewery dried yeast could be included in Rhode Island Red chicken feed in order to increase fertility and hatchability of fertile eggs, yolk color and it also increase egg mass. Based on the results of this study, T3 (10% BDY + 10% PSC) or 50% replacement of BDY by PSC appeared to be a diet of good feeding value, more economical or reasonably cheaper ration which can be used as protein supplement in formulation of layers ration without adverse effects on egg laying performance of pullets between 26-38 weeks of age.
INTRODUCTION
The nutritional status of many people in developing countries of the world is very poor. It is also these countries that population is increasing rapidly (FAO, 2004) . The contribution of intensive commercial poultry industry to the supply of poultry meat and egg in Ethiopia has been very small (Alemu, 1995) . To meet the demand for animal protein source, the productivity of poultry needs to be improved (FAO, 2004) .
The profit from poultry production can be attained by minimizing feed cost which accounts more than half of the total cost of production. According to Wilson and Beyer (2000) feed cost accounts 60-70% of the total animal production cost. Any attempt to improve commercial poultry production and increase its efficiency therefore, needs to focus on better utilization of available feed resources. Knowledge of nutritional characteristics of these feeds and its optimal levels of inclusion in rations and optimum combination of ingredients annual rainfall of the area is 780 mm and the average composed locally available materials are very useful (Kamalzadeh et al., 2008) . Nevertheless, there i s comparatively little information on the actual uses of agro-industrial by products in Ethiopia and few researches have been done on Peanut Seed Cake (PSC) and Brewery Dried Yeast (BDY) up to now. In tropical countries like Ethiopia where cereal grains are staple diet of human, the use of agro-industrial byproducts as an alternate source of protein, partially or/and fully enables cheaper egg and meat production which in turn decrease consumption of cereal grains by animal. The existence of a number of cooking oil processing plants and brewery plants creates great opportunity for utilizing these agro-industrial by-products in poultry as protein sources. Even though there is no statistical data on the amount of these industrial by-products, undoubtedly an appreciable quantity is produced each year. In the residues from the production of 1000 liters of beer 35 to 45 kg, dry matter of BDY is contained (Parra and Escobar, 1985) . In addition, Ethiopia produces large quantities of groundnut, which is estimated to be 29,000 metric tons (Solomon, 1992) . Hence peanut seed cake is not balanced in amino acids pattern desirable for poultry. It is deficient in lysine, methionine and tryptophan (Singh et al., 1981) . Its keeping quality is poor as it may develop aflatoxins during storage (Mishra, 1993) . In comparison of PSC the amino acid pattern of brewery dried yeast approximates more to dietary requirement of poultry. Brewery dried yeast is also superior to peanut seed cake. It contains critical amino acids in sufficient quantity for poultry (McDonald et al., 2002) . Therefore, the objective of this study is t o determine optimum feeding and replacement value of BDY for PSC for optimum performance of Rhode Island Red (RIR) chicken.
MATERIALS AND METHODS

Ingredients and experimental rations:
The study was conducted in Haramaya University poultry Farm, Ethiopia located at 42° 3` E longitude, 9° 26`N latitude and at an altitude of 1980 meter above sea level. The mean minimum and maximum temperatures are 8 and 24°C, respectively (Samuel, 2008) . The ingredients used for ration formulation in this study were maize, peanut seed cake, brewery dried yeast, wheat bran, full fat soybean, limestone, salt, vitamin premix and dicalcium phosphate. Before grinding soybean grain was heat treated at temperature of 160°C for eight minutes against anti-nutritional factors naturally present in raw soybean. Except brewery dried yeast, wheat bran, limestone, vitamin premix, dicalcium phosphate the rest ingredients were ground at Haramaya University feed mill before mixing. Samples of maize, peanut seed cake, brewery dried yeast, wheat bran and soybeans were taken for chemical analysis (Table 1) . Samples were analyzed for Dry Matter (DM), Crude Protein (CP), Ether Extract (EE), Crude Fiber (CF) and ash following the proximate method of analysis (AOAC, 1995) . The experiment comprised six different rations was used. The different rations contained PSC and BDY combinations at the inclusion level (20%, 0%), (15%, 5%), (10%, 10%), (5%, 15%), (0%, 20%) of total diet and (0%, 0%) or control diet (commercial layers ration) representing T1, T2, T3, T4, T5 and T6 respectively. The diet formulated to be isocaloric and isonitrogenous 2800 kcal ME/kg DM and 16% CP as predetermined in the commercial ration (control) (Leeson and Summers, 2001) . The different rations contained peanut seed cake and brewery dried yeast combinations at the rate of 100: 0%, 75: 25%, 50: 50%, 25: 75%, 0: 100% and control, representing T1, T2, T3, T4, T5 and T6, respectively, whereby 100% peanut seed cake was equivalent to 20% inclusion level in the ration.
Management of experimental birds:
The birds were kept in deep litter pens covered with sawdust litter material. Before the commencement of the actual experiment, the experimental pens, watering and feeding troughs and laying nests were thoroughly cleaned, disinfected and sprayed against external parasites. The hens were vaccinated against Newcastle disease, gumburo disease and fowl typhoid. The wet litter was changed with dry, disinfected and clean Ingredients  T1  T2  T3  T4  T5  T6  Corn sawdust whenever necessary. Vitamins and anti-Feed efficiency was determined per replicate b y coccidiosis were given through drinking water according to the manufacturer's recommendation as preventive medications. One hundred eighty RIR 26 week-old birds with body weight of 1554.67±1.01 g (mean±SD) were divided into six dietary treatments in a Completely Randomized Design (CRD) experiment. The birds were randomly divided into 6 groups of 30 birds each. Each group of chicks was further randomly divided into two replicates of 15 birds (13 hens and 2 cocks in each pen). The birds were adapted to experimental diets for 7 days before the commencement of data collection.
Data collection and measurements:
Feed was offered to the birds ad libitum twice per day at 0800 and 1700 hours and clean tap water was available all the time. The amount of feed offered and refused per pen was recorded daily. The amount of feed consumed was determined as the difference between the feed offered and refused on DM basis. Feed offered and refused were sampled daily per pen and pooled per treatment for the entire experimental period for chemical analysis. The samples were analyzed for DM, CP, EE, CF, ash, calcium and total phosphorous following the proximate method of analysis (AOAC, 1995) . Birds were individually weighed at the start and end of the experiment and body weight change was calculated as the difference between the final and initial body weight. Eggs laid by hens in a pen were collected three times a day at 0800, 1300 and 1700 hrs and daily egg production was calculated as the sum of the three collections. Eggs collected daily were weighed immediately after collection for each pen and average egg weight was computed by dividing the total egg mass to the number of eggs. Hen-day egg production as percentage was determined following the method of Hunton (1995) as: calculating the weight of feed consumed to produce a dozen of eggs. The eggs for incubation were collected and stored for 5 days at temperature of 14°C. Medium size egg was selected by visual inspection were setted for incubation. Fertility was determined by candling the incubated eggs on the 9th, 14th and 18th day o f incubation. Average percentage fertility for each treatment was computed by taking the average values of the replicates which was arrived at by dividing the total number of eggs found fertile at candling by total number of eggs set and multiplying by 100. Finally the average percentage of fertility of the 9th, 14th and 18th day of incubation was taken (Bonnier and Kasper, 1990) . Average percentage hatchability of the fertile eggs for each treatment was computed by dividing the number chicks hatched by the number of fertile eggs set and multiplying the value by 100. Birds were closely observed for any abnormalities and mortality during the entire experimental period. Egg quality characteristics, such as egg shell thickness and egg yolk color were determined at an interval of 3 days on freshly laid 6 eggs per replicate after breaking and separating each of the components. Egg shell, were measured using sensitive balance. Albumen height was measured with a tripod micrometer. Egg shell thickness was measured by eggshell thickness micrometer gauge. Measurements were taken from three regions (large end, small end and on the equator region of the eggshell) and the average value was considered. Yolk color was determined by comparing the color of properly mixed yolk sample placed on white paper with the color strips of Roche fan measurement, which consist 1-15 strips ranging from pale to orange yellow color. Haugh unit was calculated from the egg weight and albumen height using the formula suggested by Haugh (1937) , HU = 100 log (H + 7.57 -1.7 W ), 0.37 where, HU = Haugh Unit, H = albumen height, W = Egg weight (g).
At the end of the experiment, six randomly selected birds Dry matter intake: The effect of including varying levels from each replicate (12 per treatment group) were of peanut seed cake and brewery dried yeast in layers starved for 16 hrs and weighed immediately before ration on dry matter intake is presented in Table 4 . The slaughter, slaughtered and properly dressed to find out dry matter intake of birds on T3 (10% PSC + 10% BDY) the dressing, eviscerated percentage and carcass and T4 (5% PSC + 15% BDY) were similar with that of the characteristics. To estimate the economic benefits of the birds on the control diet (T6), but diet T5 (0% PSC + 20% replacement of brewery dried yeast for peanut seed cake BDY) resulted in significantly (p<0.05) increased dry in RIR layer ration the partial budget was analyzed taking matter intake than the control diet and the other into consideration the feed cost per dozen of eggs and treatments. The diets T1 (20% PSC + 0% BDY) and T2 egg sale to feed cost for dozen of eggs. For this study, (15% PSC + 5% BDY) resulted in a significantly (p<0.05) the egg sale price of Haramaya University (6 Birr/dozen decreased dry matter intake than the control diet and of eggs) was used to calculate egg sales to feed cost other treatments. ratio.
The high DM intake at higher levels of brewery dried Statistical analysis: Except yolk color, which was brewery dried yeast in which it could supply all the critical analyzed by logistic regression, all other parameters amino acids in sufficient quantity (Leeson and were statistically analyzed using the general linear Summers, 2001) . The low DM intake at lower levels of model procedure of SAS (SAS, 2002) . Differences brewery dried yeast or at higher levels of peanut seed between treatment means were separated using Least cake could be related to the amino acid pattern of the Significance Difference (LSD) method (SAS, 2002) . diet, where peanut seed cake contains lower than the
RESULTS AND DISCUSSION
cystine (McDonald et al., 2002) . The work of Hill (1969) Chemical composition of experimental rations: The results of the laboratory analysis and estimation o f nutritive values of the different experimental feed ingredients and six formulated experimental rations are shown in Table 1 and 3. The energy contents of brewery dried yeast and peanut seed cake were 2982.04 and 2842.50 kcal/kg DM, respectively. The protein contents of brewery dried yeast and peanut seed cake were relatively high, which could make them to be good protein supplement feed ingredients for poultry as a whole. The crude protein and Metabolizable energy contents of treatments were comparable throughout inclusion levels (Table 3 ). The CP and ME levels were within the ranges of the recommended levels 14-19% and 2700-2900 kcal/kg, respectively for layers (Leeson and Summers, 2001) .
yeast might be due to the compositional quality o f brewery dried yeast in lysine and methionine plus showed that methionine and lysine are required for optimum feed intake. Wu et al. (2001) reported that protein has a significant effect on feed consumption, where diets deficient in protein could decrease feed consumption.
Body weight change:
There was no significant (p>0.05) difference in initial body weight of pullets (Table 4 ). The final body weight of pullets on the diet containing 15% brewery dried yeast was significantly (p<0.05) higher than that of the birds on T1 (20% PSC + 0% BDY) and T2 (15% PSC + 5% BDY), which might be associated with meeting of amino acids that is required for higher growth rate o f chicks. The body weight gain of birds was significantly (p<0.05) lower for T1 (20% PSC + 0% BDY) and T2 (15% PSC +5% BDY) than that of the birds assigned to T4 (5% PSC + 15% BDY). The reduced body Table 3 : Chemical composition of treatment diets containing different proportions of peanut seed cake and brewery dried yeast = Hen Day Egg Production; SEM = Standard Error of the Mean; T1 = diet containing 20% PSC and 0% BDY; T2 = diet containing 15%PSC and 5% BDY; T3 = diet containing 10% PSC and 10% BDY; T4 = diet containing 5% PSC and 15% BDY; T5 = diet containing 0% PSC and 20% BDY; T6 = 0% PSC and 0% BDY weight gain at T1 and T2 might be probably due to the Fertility and hatchability of fertile eggs: The effect of deficiencies or lower levels of amino acids in peanut including varying levels of peanut seed cake and seed cake and associated low feed intake at lower level brewery dried yeast in the layers ration on fertility is of brewery dried yeast inclusion. Wu et al. (2001) stated presented in Table 5 . Fertility of chicken was significantly that essential amino acids affect feed consumption and (p<0.05) higher BDY replaced PSC with the highest growth in chicken.
obtained at 75% replacement level. Fertility of birds on
Egg production: The effect of including varying levels of with that of the birds on the control diet, but diets peanut seed cake and brewery dried yeast in layers containing T2 (15% PSC + 5% BDY), T3 (10% PSC + 10% ration on hen-day egg production is presented in Table  BDY ), T4 (5% PSC + 15% BDY) and T5 (0% PSC + 20% 4 shows egg production performance of RIR chicken BDY) resulted in a significantly (p<0.05) higher fertility during the feeding period. The mean percentage of hen-than that of the control diet (T6). The reasons for day egg production of birds was significantly (p<0.05) increased fertility might be associated with unidentified lower for birds fed on commercial layers, ration (control) growth factors in brewery by-products (Fombad and than that of birds on T1, T2 and T3. Partial replacement of Mafeni, 2001) . peanut seed cake by brewery dried yeast (T3) resulted in
The results of the mean percentage hatchability of fertile a slightly higher egg production than higher and lower eggs from each of six treatment rations are presented in levels of inclusion, which might be associated with a Table 5 . Hatchability of chicken was significantly good balance of amino acids by combining the two feed (p<0.05) improved when BDY included in the diet with ingredients (Singh and Zombade, 1986) .
highest obtained at maximum level of replacement.
Egg weight:
The effect of including varying levels of + 0% BDY) was similar with that of the birds on the peanut seed cake and brewery dried yeast in the layers control diet, but the diets containing T2 (15% PSC + 5% ration on egg weight is presented in Table 4 . The egg BDY), T3 (10% PSC + 10% BDY), T4 (5% PSC + 15% weight of birds on the diet T2 (15% PSC + 5% BDY) was BDY) and T 5 (0% PSC + 20% BDY) resulted i n similar with that of the birds on the control diet, but diets significantly (p<0.05) higher in hatchability than that of containing 15% brewery dried yeast (T4) resulted in a the control diet. significantly (p<0.05) higher egg weight than that of the The reason for the hatchability differences might be due birds on T1, T2 and the control diet. The diet T1 (20% PSC to the richness of brewery dried yeast in vitamin B that + 0% BDY) resulted in a significantly (p<0.05) decreased plays an important role in improving the hatchability of egg weight than the control diet and other treatments. eggs in chicken (Gohl, 1981) . It could be also due to the The reasons for the improved egg weight might b e fact that addition of yeast cultures to poultry diets might associated with improvement in methionine content with enhance better utilization of minerals like calcium, reduced peanut seed cake (Naulia and Singh, 2002) .
phosphorous, potassium and manganese which play a
Feed efficiency: The effect of including varying levels of peanut seed cake and brewery dried yeast in layers Yolk color: The effect of including varying levels of ration on feed efficiency expressed feed consumed per peanut seed cake and brewery dried yeast in layer ration dozen of egg presented in Table 4 . The feed conversion on yolk color according to Roche fan color measurement ratio did not differ significantly (p>0.05) between from each of the six treatment rations is presented treatments.
in Table 5 . Yolk color of birds on the diet containing the diet containing T1 (20% PSC + 0% BDY) was similar Hatchability of birds on the diet containing T1 (20% PSC role in enhancing the hatchability of eggs (Wilson, 1997) . diet containing 20% PSC and 0% BDY; T2 = diet containing 15%PSC and 5% BDY; T3 = diet containing 10% PSC and 10% BDY; T4 = diet containing 5% PSC and 15% BDY; T5 = diet containing 0% PSC and 20% BDY; T6 = 0% PSC and 0% BDY Table 6 : Carcass yield parameters as affected by feeding brewery dried yeast and peanut seed cake diet containing 20% PSC and 0% BDY; T2 = diet containing 15%PSC and 5% BDY; T3 = diet containing 10% PSC and 10% BDY; T4 = diet containing 5% PSC and 15% BDY; T5 = diet containing 0% PSC and 20% BDY; T6 = 0% PSC and 0% BDY T1 (20% PSC + 0% BDY) and T2 (15% PSC + 5% BDY) the diet. Naulia and Singh (2002) reported that inclusion were similar with that of birds on the control diet, but of groundnut cake up to 30% inclusion levels in layers diets containing T3 (10% PSC + 10% BDY), T4 (5% PSC ration had no effect on Haugh unit. + 15% BDY) and T5 (0% PSC + 20% BDY) resulted in a significantly (p<0.05) higher in yolk color than that of the Eggshell thickness: The mean eggshell thickness birds on commercial diet.
resulting from feeding the six treatment rations is shown The reason for the increased Roche fan measurement in Table 5 . The results showed that there was n o for T3, T4 and T5 might be associated with vitamin E significant (p>0.05) difference between dietary content of BDY (Ranjhan, 2004) . Vitamin E is anti-oxidant treatments in egg shell thickness. These results agreed to dietary fat that enhances yolk color by increasing the with the results reported by Adnan (1988) and Lopez et utilization of oxycarotenoids (Hamilton and Parkhust, al. (1981) who reported that egg shell thickness was not 1990). Further, according to Leeson and Summers significantly affected by the inclusion of brewery dried (2001) the mode of action of yeast in enhancing animal grain in layers ration up to 25 and 30% inclusion levels, performance is not well understood. The Roche color respectively. Naulia and Singh (2002) reported that fan number of 7 to 8 is accepted for eggs in most areas inclusion of groundnut cake up to 30% of layers ration (Leeson and Summers, 2001) . But the result of this had no effect on shell thickness. Lopez et al. (1981) study was lower than this level.
reported that inclusion of 45% BDG in layers ration
Haugh unit: The Haugh unit of RIR laying chicken fed implied that feeding layers with diets containing different with diets containing varying levels of peanut seed cake proportions of PSC and BDY would not affect the egg and brewery dried yeast is presented in between the different dietary treatments, but treatment 3, The gastrointestinal tract % and liver % resulting from a ration supplemented with 10% peanut seed cake and feeding the six treatment rations is presented in (Table  10% brewery dried yeast was higher than the rest of the 6). GIT % of birds on the diet containing T4 (15% BDY + diets in egg sale to feed cost ratio, hence it could be 5% PSC) and T5 (20% BDY + 0% PSC) was similar with considered as the least cost ration. that of the birds on the control diet. The GIT % birds were significantly (p<0.05) higher at T1 (0% BDY + 20% PSC), Conclusion: Feed efficiency, dressing percentage, T2 (5% BDY + 15% PSC) and T3 (10% BDY + 10% PSC) eviscerated percentage, breast percentage and than control diet. The reason for the higher result of GIT reproductive tract percentage of RIR was not negatively % diets containing in T1, T2 and T3 might be the CF impacted by 100 % replacing of PSC by BDY. Brewery content of the diet. In this regard Deaton et al. (1979) dried yeast could be also included in Rhode Island Red noted that GIT weight was significantly increased with chicken feed in order to increase yolk color. Birds of more dietary fiber. The liver % of birds was significantly treatment T3 (10% PSC + 10% BDY) had lower feed cost (p<0.05) lower at T5 (20% BDY + 0% PSC) than birds per dozen of egg than T6, indicating least cost ration than assigned on T1 (0% BDY + 20% PSC), T2 (5% BDY + control diet. Brewery dried yeast could be included in 15% PSC), T3 (10% BDY + 10% PSC), T4 (15% BDY + 5% Rhode Island Red chicken feed in order to increase PSC) a nd control diet. In this experiment as the fertility and hatchability of fertile eggs and it also substitution of PSC by BDY increased it resulted in lower increase egg weight. The economic evaluation showed liver weight. Moreover, the result of this study suggested treatment three T3 (10% PSC + 10% BDY) with highest that a high level of brewery dried yeast might help in ratio could be considered as the least cost ration preventing the fatty liver syndrome. The reason for the indicating the highest return from sale of eggs than the reduction in liver weight by high level of BDY might be control and slightly other treatments. On the other hand, due to an intrinsic nutritional property of fermentation the laying performance of hens fed T3 (10% PSC + 10% residues, which maintain normal liver lipid metabolism BDY) was higher than control diet, suggesting that in chicken (Jensen et al., 1974) . brewery dried yeast could replace 50% of peanut seed Partial budget analysis: As shown in Table 7 , the results of the economic consideration as a mean of feed cost/dozen of eggs produced were 3.46, 3.49, 3.43, 3.63, Adnan Beker, 1988. Evaluation of the Nutritive and 3.65 and 3.78 Birr for the treatments 1 to 6 respectively.
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